A mathematical model f or the electrochemical impedance spectroscopy of a metal-hydride electrode was developed. The model was used to study the effect of various parameters on predicted kinetic behavior. The simulations obtained using the model show that the first arc appearing in the higher frequency range is due to a charge-transfer reaction, the second arc in the middle frequency range represents the hydrogen transfer between the absorption and adsorption, and the third arc (or curve) at low frequency corresponds to the diffusion of absorbed hydrogen in the alloy. As the rate constant of the charge-transfer reaction, the rate constant of hydrogen transfer, and the diffusion coefficient increase, all of the three arcs moved toward higher frequency range and the diameter of the arcs decreases. The model simulations also show that the state of discharge plays an important role in the Nyquist plot of the metal-hydride electrode. The kinetic parameters used in the model predictions are those for TiMni5Hr
Introduction
Recently, nickel/metal hydride (Ni/MET) batteries have been developed and commercialized because of their high energy density, high dischargeability, long charge-discharge cycle life, and environmental cleanliness. 1 The electrode reactions at the negative and positive electrode in Ni/MET1 batteries can be expressed by M + H20 + e fl MH + OW Ni(OH)2 + OW fl NiOOH + H20 + e In charge/discharge processes, the concentration of H20 and OH-is constant.
Extensive work has been carried out on the cathodic hydrogen evolution reaction on hydrogen-absorbing metals. 28 By considering that the electrochemical sorption/desorption of hydrogen by and from metallic hosts is diffusion limited, Conway and Wojtowicz5 performed numerical calculations for the time scales of the hydrogen desorption. Apart from the electrochemical and diffusion step, Yang et al.1 also considered hydrogen transfer through the interface and established a general relationship between the overpotential and the rate of hydrogen diffusion in the electrodes, as well as the kinetic parameters characterizing the transfer of hydrogen from the absorbed to the adsorbed state. Lei et al.8 first presented a mathematical model for the hydride electrode, i.e., the dependence of discharge capacity on discharge current and cycle life by considering the phase transformation and oxide film growth on the surface of metal particles during hydriding/dehydriding processes.
Electrochemical impedance spectroscopy (ElS) is an
effective technique for analyzing the mechanisms of hydriding/dehydriding reaction for a hydride electrode. 9 Lim and Pyun'° derived a faradaic admittance of the hydrogen absorption reaction (HAR) on a Pd membrane electrode and analyzed the diffusion-controlled HAR for fast rate hydrogen transfer and the interface-controlled HAR for slow rate hydrogen transfer from bulk to Pd surface. Kuriyama * Electrochemical Society Active Member. et al.11 '12 used the ac impedance method to investigate the degradation mechanism of metal hydride electrodes and activity of alloys. Using the electrochemical impedance spectroscopy (ElS) technique, Zhang et al. 9 analyzed the mechanism of the hydriding/dehydriding reaction on the hydride electrode, and proposed an equivalent circuit for the MET1 electrode. However, in Zhang's equations, the diffusion of hydrogen and the phase transformation was not considered, which was a very important factor in the electrochemical hydriding/dehydriding reaction for the hydride electrode. Thus to date, the electrode kinetics of the hydriding/dehydriding reaction have not been well elucidated.
In this present paper, ac impedance involving HAR for hydride electrodes with different spherical geometry is theoretically derived by considering the phase transformation in hydriding/dehydriding processes. The factors affecting kinetics of the reaction have been analyzed. Some equations deduced by Zhang et al. 9 are also included here for completeness.
AC Impedance Modeling Basic assumptions and model development-The electrochemical charge-discharge test and ac impedance measurement were carried out in a sealed standard threeelectrode cell, in which the counter electrode was nickel oxyhydroxide, the reference electrode was Ag/AgCl, and the electrolyte used in all experiments was 6 M KOH solution. The electrode is considered initially to be uniformly charged with hydrogen with a bulk concentration Camax for solid solution phase electrode and C5 for the hydride electrode, expressed in mole hydrogen concentration stored in the host metal. Thus, the molar concentration quotient in the bulk can be expressed according to Wagner'3 as .r = Ca/N, where N is the total molar number of interstitial sites available for hydrogen per unit volume of the host metal, and x, denotes the molar occupation quotient of absorbed hydrogen in the near-surface.
The hydriding reaction involves a charge-transfer step followed by the surface transition from the adsorbed site on the electrode surface to the absorbed site in the near-surface [1] [2]
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RT [15] [ 16] region and then the diffusion of absorbed hydrogen from the near-surface into the bulk. When the concentration of the absorbed hydrogen in the bulk reaches the maximum solubility of hydrogen in the metals the phase transition (forming hydride) occurs. Suppose the pressure in the sealed cell is higher than the hydrogen pressure equilibrated with C0,500 [4] 2 between absorbed hydrogen usion in the bulk of the electrodes which occur in series. Therefore, the contribution to the impedance is due to the three steps: charge-transfer reaction, hydrogen transfer beadsorbed and dif-
MHas,ai, [5] tween the absorbed to state, hydrogen fusion in the bulk of the electmde, which occur in series.
or
In small-signal ac conditions, F55 (charge-transfer resistance) and FT/nF(ai + f3i) (i/i -0 + i/O) can be considered as constants. [6] Consider Eq. 7 being at equilibrium, and neglect the van it is necessary to derive a theoretical expression for the impedance for the above process. The current density for the charge-transfer step (reaction 3) can be expressed as follows9 [17] Let -lc1a C° 0 expf'!±-tp'l OW Oit FT )j [18] C0 and C11 are the concentration of H2O and OH-in the reference state (here 1 M). Therefore C20 = C,11-= 1. The [19] above equation can be rewritten as
L [21] 'Cl [7] Combining Eq. 15-21, Z1 and 4 can be obtained as follows In ac impedance studies the variables are composed of a steady-state component plus an alternating component = F. = FT__-FT [8] nF(cti + i) nFi5 differentiation of Eq. 7 gives
--+-H---where i, 0, and are at the same frequencies as expressed
by 2 B =B5expQjwt) [10] . In order to obtain 0/i, reaction 4 is taken into account. By assuming first-order kinetics for the absorption reaction, the surface transition reaction can be expressed as follows1
Thus, Eq. 9 can be further simplified as follows
+ 110 ---(cti + [12] where F denotes the maximum amount of hydrogen that L'
can be adsorbed on the surface, 0 is the hydrogen coverage at the surface, 3 the symmetry coefficient, p the potential, The interfacial impedance of MH, electrode Z is F the Faraday constant, F the gas constant, T the temper--ature in kelvin, and a011-and a1120 are the activities of OW z = -.. [13] and H20 in solution, respectively In Ni/MH battery, the concentration of OW and H2O is
From Eq 12 and 13 we obtain constant (see reaction 1 and 2), and the activity change of OW and H2O in solution can be neglected because of the Z = 4 + 4 [14] high diffusion rate of OW and H2O and the higher poros-ity of the metal-hydride electrode.14 Thus, the current density becomes only a function of the degree of coverage of adsorbed hydrogen on the surface 0 and the electrode ______ potential p. By introducing the alternating component, Eq. 24 can be modified as [25] _____ _____ At the equilibrium potential
Because of small amplitude of . and in small-signal ac conditions, the value of (k2 -k,f,0 is much smaller than that of i and 0, and can be neglected.
____________________________________
From Eq. 26, the dependence of on the surface coverage 0 is obtained as
For hydrogen storage hosts with any geometry (plates, cylinders, or spheres), the hydrogen diffusion flux J is proportional to the surface hydrogen concentration (see next section). The alternating component of flux J at electrode surface can be expressed as
where i = p, c, s, sp for planar, cylindrical, spherical electrodes, and spherical electrode with phase transformation, respectively According to the mass balances at the electrode surface
Combining Eq. 28, 29, and 30 [27] By substitution of Eq. 27 into Eq. 25 and neglecting (k 2 - with decreasing the desorption rate constant k, and at certain potential and equilibrium constant K2, the value of k_, reflect the rate of hydrogen transfer between absorbed and desorbed state, thus lOab is absorption resistance.
Physical significance of the parameters Ca4 and Rab have been discussed elsewhere. '6 fQw, D) of two-phase electrode with spherical symme- - [37] tanh[tjii] [31] where r0 is the radius of metal particles, D is the diffusion coefficient of hydrogen in the metal particles.
The galvanostatic discharge process of hydride electrodes in a two-phase region can be well described by the shrinking untransformed hydride-core model.8 It is logical to believe that the state of discharge for two-phase electrodes would not change during a small signal ac measurement (potential oscillation wlO my). Therefore the size of the untransformed hydride-core r1 is unchanged during [29] nFk,k, +Fjw
and combining Eq. 14, 22, 23, and 31
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Comparing Eq. 38 with Eq. 37, we concluded that the hydrogen diffusion in the a + 13 region is faster than in the single phase due to 0 < rh C rt,.
The relationship between r, and the fraction of a phase .
[46]
In all above equations op represents the electrode potential for single-phase electrodes. If the electrode consists of a two-phases (metal-hydride), op presents the plateau potential P4dal
In the following sections we analyze the effects of electrode potential op (or pt,j, rate constants k_1, k_2, diffusion coefficient of hydrogen D, state of discharge (SOD) which has a relationship with potential op for single-phase electrode, and Xt,, for two-phase electrode, on EIS of the hydride electrodes. The time constant of the charge-transfer reaction T, can he expressed as follows (19.48p) [47]
and the time constant of hydrogen transfer between the absorbed state and adsorbed state T is
For the finite spherical diffusion of adsorbed hydrogen in a hydride electrode with a flat potential plateau, the time constant of the arc in the low frequency region Td is obtained according to its equivalent circuit (see Fig. 9 and Appendix).
From Eq. 47 and 48 Ta and Ta at different plateau potential of two-phase electrodes (or potential of single-phase electrodes) are calculated with the parameters of k_1 = 3.29 X 10 cm sfl', k1 = 2.37 x i0° mol cm (Fig. 3) . From electrode, and the arc in the low frequency range to a charge-transfer step at the electrode/solution interface. Two points in Zhang et al's interpretation are worth discussing. First, from the EIS principle we know that the step with the small time constant would have a fast reaction rate. In an examination of their Nyquist plot, we find that the size of Ni mesh substrates and the kind of binder material do net affect the characteristic frequency f'(= 1/2rrT,), but only change their resistances. Therefore we believe the contact surface areas of the current collector-to-pellet and particle-to-particle do not affect the reaction rate of the two steps in the high frequency region, and the arcs in the higher frequency range do not represent the impedance of current collector-to-pellet and particle-to-particle.
Second, ii the hydrogen transfer rate and the hydrogen diffusion rate are relatively faster than that of the chargetransfer reaction as Zhang et al. state, the two arcs for surface transition and hydrogen diffusion may appear in an even higher frequency range than that for the chargetransfer reaction or they are overlapped by the arcs of their three steps. In the former case there may exist five arcs in the entire frequency region. Unfortunately no more than three arcs have been reported in ac impedance for Ni/MHX so far. In the latter case, the three arcs may be attributed to the five steps. Therefore the three arcs represent the charge-transfer reaction, surface transition, and hydrogen diffusion, respectively. Also the experimental results reported by Zhang et al. can be satisfactorily explained by the present model.
Characteristics of EIS for metal-hydride electrode with flat potential plateau-From the ElS principle we know whether the arcs of the above three separate steps depend on the difference of characteristic frequency among the three steps and their resistances. Moreover, the characteristic frequency of a step f'(= 1/2rrTj, is proportional to the reciprocal of the time constant T1. Therefore the arc of the step with the fast reaction rate appears in the high frequency range, and the arc at low frequency corresponds to the step with the slow reaction rate. The arcs of the steps with nearly the same time constant overlapped. When the differences of the time constants between the three steps are small and the differences of their resistance are large, the three arcs also overlapped. not found, since at this potential range the ratio of Rab to R is very high (see Fig. 7 ). The arc of charge-transfer overlaps with the arc of the hydrogen transfer reaction. As to the hydrogen diffusion, the Td depends only on the fraction of the €8 phase (see Eq. 49), and it increases with fraction of the a phase as shown in Fig. 4 charge-transfer reaction to the hydrogen transfer reaction, and Kad reflects the ratio of the rate constant of the hydrogen transfer reaction to the diffusion coefficient of hydrogen, respectively. From Fig. 5 Fig. 7 ). Thus the arcs of the three steps would move toward the high frequency range and gradually separate. With increasing Xa, Kada also decreases, but Rd increases more rapidly Therefore at a high state of discharge the two arcs in the higher frequency range may be overlapped by the arc of the hydrogen diffusion. From the above analysis, we conclude that for a two-phase electrode the arcs of the three steps may separate at a low [52] a E [NCa [50] where p = -RT/E ln(cOH/K1KIaHaQ) = -1.06 V is the equilibrium potential at Ca/N = 0.5 (or Xa = 0.5) 12 The state of discharge for the single-phase electrode is defined as where Keaa is the critical rate constant ratio of the backward charge-transfer reaction to hydrogen transfer from absorbed to adsorbed state, and Kada is the critical ratio of the rate constant of hydrogen transfer from absorbed to adsorbed state to the diffusion coefficient of hydrogen, respectively If Kea > Keaa and Kad> Kada, the arcs at decreasing frequency correspond to first, the charge-transfer, then the hydrogen transfer, and finally the hydrogen diffusion.
The Keaa vs. plateau potential is shown in Fig. 5 and Kada vs. plateau potential, fraction of the a phase is shown in Fig. 6 .
Because the values of K1 (= k_1/h1) and K2 (= k_2/k2) are constant, the ICe, reflects the rate constant ratio of the Figure 8 shows the simulated impedance for the single-phase electrode with the parameters of k_1 = 3.29 x i0 cm s', k2 = 2.37 X iO mol cm2 s', D = 10 cm2 s' at 10, 50, 80, 90, and 98% (SOD),. As (SOD), increases from 10 to 98% the potential increases from -1.08 to -0.95 V according to Eq. 55. Because Ke, = 2.77 X 10_b cm3 mol' > K, and K,d = 2.37 x iO mol cm4 > K,d in the potential range between -1.08 and -0.95 V (see Fig. 5 and 6 as X, = 1), the arc in the higher frequency range corresponds to the charge-transfer reaction, the curve in the middle frequency corresponds to the hydrogen transfer reaction, and the arc in the low frequency range corresponds to the hydrogen diffusion reaction. As we expected in the above section using the dimensionless parameters K0,/K= and K,d/K,dC at different potential with increasing (SOD), (i.e., increasing potential) the two arcs in the high frequency range move toward the low frequency range and the resistance of the three steps increases in the following order hydrogen diffusion > hydrogen transfer reaction > charge-transfer reaction Therefore the two arcs in the high frequency range are gradually being overlapped by the arc of hydrogen diffusion due to fast increasing Rd with increasing (SOD),. For impedance of hydrogen diffusion, in the higher frequency range, where the penetration of the concentration wave is (a) Three-dimensional curved surface and (b) iso-l(. section.
-0.9 small compared to the radius of the particlej impedance shows the Warburg impedance of a/2wD (1 -j) series with a capacitance of C1 (= r,/ff) (see Appendix and Fig. 9a ). At the low frequency range the penetration depth increases beyond the radius of the particle, the impedance corresponds to a resistance of R1 (= r,ff/5D) in series with a capacitance of C2 (= r,/3a) (see Appendix and Fig. 9b) , which reflects the fact that a source with a limited concentration cannot deliver a finite flux.
Effect of state of discharge on the ElS of a two-phase electrode with spherical symmetry.-If the plateau pressure of hydrogen is at 1 atm, the discharge capacity for a (a + (3)two-phase electrode can be divided into two parts.
One is the hydrogen desorption during the (3 -a phase transformation, the other is the hydrogen desorption from the single a phase. Therefore the state of the discharge for (a + (3)two-phase electrode is defined as c -c (SOD), = _____ [56] ( c " c
At the latter discharge state, i.e., (SOD),l1 > 1 -C,m,x/Cl1, the relationship between (SOD), and the EIS has been dis- In Fig. 10 with increasing x,, [i.e., increasing (SOD),l1] the arc of infinite spherical hydrogen diffusion moves gradually toward low frequency range due to the increase of the time constant of hydrogen diffusion (see Fig. 4 ). At the same time the resistance of hydrogen diffusion increases rapidly, the radius of the almost circular low frequency segment increases toward the limit of a r,oi5D resistance in series with capacitance of r,,/3a for X, = 1. From Fig. 9 and 10 we conclude that for the spherical hydride electrode with flat pressure plateau, when (SOD),l1 increases, the almost circular low-frequency segment moves toward low frequency range and its radius increases toward the R1 -C2 series for X, = 1, (i.e., R2 -cc, R3 -R for X, -' 1).
After the 13 -a phase transformation is complete, the arcs of the charge-transfer reaction and hydrogen transfer .j. tieciTocriem. oc., voi. I ', rio. a, june i o ' I ne iectrocnemicai ocIew, Inc.
ance of the hydride electrode. The effect of (SOD), on EIS of the two-phase electrode is in agreement with the experimental results of the M,,Ni35Cø07A108 electrode reported by Kuriyama et al." Effect of the pressure plateau of hydrogen on EIS of the two-phase electrode with spherical symmetry.-The pressure of hydrogen can be converted to the potential according to the Nernst equation.'8 Here we discuss the effect of plateau potential on EIS. The impedance of the two-phase electrode at different plateau potentials is calculated from Eq. 36, 40-43, 45-46 and substitution of for p as shown in Fig. 11 . Comparing Fig. 11 with Fig. 8 we can see that Pplt and (SOD), have similar effects on the EIS in the high frequency range, since potential Ip of the single-phase electrode is related to (SOD), (see Eq. 55) and the equivalent circuits of both single-and two-phase electrodes in the high frequency range are the same (see Fig. 9a ). But a large EIS difference exists at low frequency since their equivalent circuits at low frequency are quite different. For the single-phase electrode, the equivalent circuit at low frequency is a resistance R1 in series with a capacitance C2, but for the two-phase electrode the equivalent circuit in the low frequency range is a resistance of R2 in parallel with R3 -C3 series as shown in Fig-. 9b and c. Also the arc radius of the hydrogen diffusion increases with increasing plateau potential, but its characteristic frequency remains constant.
Effect of the rate constant of the charge-transfer reaction on EIS of the two-phase electrode with spherical symmetry.-The Nyquist plots of two-phase electrodes with different k1 are illustrated in Fig. 12 . Since K1 (= k1/k1 = 0.94) and Kec are constant at certain electrode potential (see Eq. 50), with increasing k1, KC,/KO, increases, but Ret decreases (see Eq. 40). Therefore the arc of the chargetransfer reaction moves toward the high frequency range and its radius decreases with k increasing. In Fig. 12 when k1 is small (1.75 X iO cm s'), the two arcs in the higher frequency range overlap (Fig. 12, curve a) because the values of Ke,/KeaC (= 4.27) and R,b/RC, (= 2.27) are around 1 at a potential of -1 V. Ask1 increases to 3.5 X iO'5 ms' the arc of the charge-transfer reaction separates from the arc of the hydrogen-transfer reaction (Fig. 12, curve b) owing to the larger value of KJK,,C (= 8.54). If k1 increases further to 3.5 X i0' cm s', the arc of the charge-transfer reaction is overlapped again by the arc of the hydrogentransfer reaction (Fig. 12, curve d) charge; with increasing k2 both Ke/Kec and Rab decrease but K,d/K,d, increases. Therefore the arc of the hydrogentransfer reaction moves toward the high frequency range and its radius decreases with increasing k2. At k2 = 10 mol cnr2 s' the reaction rate for the hydrogen transfer is faster than that for the charge-transfer reaction, but the arc of hydrogen-transfer reaction is overlapped by the charge-transfer reaction due to a small resistance R,b and value of 1 -Kea/Keac (= 0.15).
Effect of the diffusion coefficient of hydrogen D on EIS of the two-phase electrode with spherical symmetry.-With increasing diffusion coefficient of hydrogen, the values of KadlKadc and Rd decrease. Therefore the arc of hydrogen diffusion moves toward higher frequency and its resistance becomes smaller as shown in Fig. 14 . When the diffusion coefficient is small, the arc of the hydrogen-transfer reaction is overlapped by the arc of the hydrogen diffusion due to the larger resistance of hydrogen diffusion. 
Effect of amount of alloy on US: in the present
Nyquist plots the unit of resistance and capacitance is in Cl cm2 and F cm2, respectively. Increasing the amount of alloy will provide a more active area. Therefore it decreases the resistances of three steps (in U units) but increases the capacitances of three steps (in F units), especially for the resistance of hydrogen diffusion due to its larger resistance and capacitance. However it does not affect the time constant (or its characteristic frequency), since the time constant (R X C) is independent of active areas. stant (11 )< C) for the arc in the low frequency range remains constant with increasing amount of alloy. 2. Effect of the contact area between the current collector and the alloy on EIS: increasing the contact area between the current collector and the alloy will increase the total active area and double-layer capacitance, the electrode with large contact area between the current collector and pellet has small R, (unit in U) but large Cdl (unit in F). Therefore the time constant r (= >< C,) remains constant. Figure 10 in Ref. 9 also shows that the contact area only decreases the radius of arc in the high frequency range but does not affect the reaction rate in higher frequency range.
3. Effect of the binder materials on EIS: the electrodes made with different binders have a different area between the absorption and adsorption, which results in a change of Rab (unit in U) and Caa (unit in F) in reversal direction. Since the time constant 'r is independent of area between the absorption and adsorption, the characteristic frequency remains stable. By examining Fig. 11 in Ref. 9, we also find that the kind of binder materials used only affects the radius of the arc in middle frequency range but has no influence on its frequency range.
Conclusions
A mathematical model for the electrochemical impedance spectroscopy of a metal-hydride electrode was developed. The model was used to study the effect of various parameters on predicted kinetic behavior and the experimental results reported by Zhang et al.9 can be explained by the present model satisfactorily.
The simulations obtained using the model show that the first arc appearing in the higher frequency range is due to the charge-transfer reaction, the second arc in the middle frequency range represents the hydrogen transfer between the absorption and adsorption, and the third arc (or curve) at low frequency corresponds to the diffusion of absorbed hydrogen through the alloy. As the rate constant of the charge-transfer reaction, the rate constant of hydrogen transfer and the diffusion coefficient of hydrogen increase, the three arcs (or curve of hydrogen diffusion for singlephase electrode) move toward higher frequency range and the radius of the three arcs decrease.
For two-phase electrode with flat pressure plateau, at the high frequency range the impedance for finite spherical h4pgen diffusion shows the Warburg impedance of a/r0]2wD in series with a capacitance of r0/cr, but in the low frequency range it corresponds to a resistance of
in parallel with a resistance-capacitance series which have the value of r0[1 - When the state of discharge increases, the arc in the low frequency range moves toward the lower frequency range and the radius of the almost circular low-frequency segment increases toward a resistance of r0a/5D in series with a capacitance of r0/3 for Xa = 1. After the 13 -÷ a phase transformation is complete the arcs of charge-transfer reaction and hydrogen transfer move further toward the low frequency range and the resistances of the three steps increase. Finally the arcs overlap. In practice the pressure plateau of hydrogen for hydride electrode is slanted, i.e., during the 13 -* a phase transformation the electrode potential is not stable, but increases gradually. So with the increasing state of discharge the mixing effect of X and (SOD)c, affects the impedance of hydride electrode. Zhejiang University assisted in meeting the publication costs of this article. APPENDIX Impedance of finite hydrogen diffusion in the two-phase elect rode with spherical symmetry-The solution for finite spherical diffusion is obtained from Eq. 36 and 39
The impedance of the finite hydrogen diffusion The Process In silicadizing, the aluminum article to be coated is made the anode as in anodizing, but potentials of a few hundred volts are utilized instead of the lower voltages normally used in anodizing. Also, silicadizing uses alkaline electrolytes which are environmentally more acceptable than the acidic solutions used in anodizing. The preferred alkaline electrolytes consist of aqueous solutions of potassium sili- formation Systems (WHMIS). It is a nonflammable, stable, aqueous liquid. However, upon long contact with some metals, such as aluminum, tin, lead, or zinc, flammable hydrogen gas may be produced. The amphoteric nature of aluminum and zinc allows the metals to dissolve in an alkaline solution with the evolution of hydrogen and the formation of metal ions. Therefore, only steel drums or other nonreactive containers must be employed. The solution gels upon mixing with acid. In use, normal precautions are necessary as when using any alkali solutions.
The apparatus for silicadizing is shown schematically in Fig. 1 . A rectifier with a variable voltage control supplies direct voltage (dc) current to the electrode. Austenitic stainless steel is a suitable material for the cathode since it does not contaminate the electrolyte but nickel and iron can also be used, The anode is the aluminum article to be silicadized (3003-1114 or 2024-T6 alloy) and the electrolyte is an alkaline K2SiO3 solution, the composition of which is dependent upon the desired properties of the coating. The electrolytes were prepared from 8.2 M. K2SiO3 stock solution with a density of 30° Baumé b (sp gr 1.26) by dilution with appropriate amounts of distilled water. Additions of K20, Na202, and CH3COOH were sometimes made to impart specific properties to the coatings. The aluminum The Baumé scale is the industry standard used for measuring the density of silicate solutions and is therefore used here. The relationship between the Baumé scale and specify gravity (for liquids heavier than H20) is given by 2 Be = 145 -145/specific gravity where the measurements are conducted at 15.5°C. P, Ppiat 'p0 (0) Te, '.,, 'i'd
